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$EVWUDFW
3HUVRQDOL]HG WKHUDS\ LVDPDMRUJRDORIPRGHUQRQFRORJ\DVSDWLHQW UHVSRQVHVYDU\
JUHDWO\HYHQZLWKLQDKLVWRORJLFDOO\GHILQHGFDQFHUVXEW\SH7KLVLVHVSHFLDOO\WUXHLQ
DFXWH P\HORLG OHXNHPLD $0/ ZKLFK H[KLELWV VWULNLQJ KHWHURJHQHLW\ LQ PROHFXODU
VHJPHQWDWLRQ:KHQFDOLEUDWHG WR FHOOVSHFLILFGDWD H[HFXWDEOHQHWZRUN PRGHOV FDQ
UHYHDO VXEWOHGLIIHUHQFHV LQVLJQDOLQJ WKDWKHOSH[SODLQGLIIHUHQFHV LQGUXJ UHVSRQVH
)XUWKHUPRUH WKH\ FDQ VXJJHVW GUXJ FRPELQDWLRQV WR LQFUHDVH HIILFDF\ DQG FRPEDW
DFTXLUHG UHVLVWDQFH+HUH ZH H[SHULPHQWDOO\ WHVWHG G\QDPLF SURWHRPLF FKDQJHV DQG
SKHQRW\SLFUHVSRQVHVLQGLYHUVH$0/FHOOOLQHVWUHDWHGZLWKSDQ3,0NLQDVHLQKLELWRU
DQG IPV UHODWHG W\URVLQH NLQDVH  )/7 LQKLELWRU DV VLQJOH DJHQWV DQG LQ
FRPELQDWLRQ :H FRQVWUXFWHG FHOOVSHFLILF H[HFXWDEOH PRGHOV RI WKH VLJQDOLQJ D[LV
FRQQHFWLQJ JHQHWLF DEHUUDWLRQV LQ )/7 W\URVLQH NLQDVH  7<. SODWHOHW GHULYHG
JURZWK IDFWRU UHFHSWRU DOSKD 3'*)5$ DQG ILEUREODVW JURZWK IDFWRU UHFHSWRU 
)*)5 WR FHOO SUROLIHUDWLRQ DQG DSRSWRVLV YLD WKH 3,0 DQG 3,. NLQDVHV 7KH
PRGHOV FDSWXUH NH\ GLIIHUHQFHV LQ VLJQDOLQJ WKDW ODWHU HQDEOHG WKHP WR DFFXUDWHO\
SUHGLFW WKH XQLTXH SURWHRPLF FKDQJHV DQG SKHQRW\SLF UHVSRQVHV RI HDFK FHOO OLQH
)XUWKHUPRUH XVLQJ FHOOVSHFLILF PRGHOV ZH WDLORUHG FRPELQDWLRQ WKHUDSLHV WR
LQGLYLGXDO FHOO OLQHV DQG VXFFHVVIXOO\ YDOLGDWHG WKHLU HIILFDF\ H[SHULPHQWDOO\
6SHFLILFDOO\ ZH VKRZHG WKDW FHOOV PLOGO\ UHVSRQVLYH WR 3,0 LQKLELWLRQ H[KLELWHG
LQFUHDVHGVHQVLWLYLW\LQFRPELQDWLRQZLWK3,.&$LQKLELWLRQ:HDOVRXVHGWKHPRGHO
WRLQIHUWKHRULJLQRI3,0UHVLVWDQFHHQJLQHHUHGWKURXJKSURORQJHGGUXJWUHDWPHQWRI
02/0FHOOOLQHVDQGVXFFHVVIXOO\YDOLGDWHGH[SHULPHQWDOO\RXUSUHGLFWLRQWKDWWKLV
UHVLVWDQFHFDQEHRYHUFRPHZLWK$.7LQKLELWLRQ
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7KH SRWHQWLDO RI SHUVRQDOL]HG PHGLFLQH LV GHSHQGHQW RQ RXU DELOLW\ WR WUDQVODWH WKH
PROHFXODUFRQWH[WRISDWLHQWV¶WXPRUVLQWRLQWHUSUHWDEOHFOLQLFDORXWFRPHV6XFFHVVIXO
VWHSV KDYH EHHQ WDNHQ WR DFFXUDWHO\ SUHGLFW WXPRU SURJUHVVLRQ DQG UHVSRQVH WR
WUHDWPHQW IURP PROHFXODU GLVHDVH PDUNHUV >@ 8VLQJ WXPRU FHOO OLQH EDVHG
FRPSRXQGVFUHHQLQJZHFDQSURYLGHUREXVWUHDGRXWVRIFHOOXODUUHVSRQVHVWRPXOWLSOH
FRPSRXQGV 7KLV LQIRUPDWLRQ FDQ EH XVHG WR V\VWHPDWLFDOO\ WUDLQ FRPSXWDWLRQDO
PRGHOV RI WKH PROHFXODU VLJQDOLQJ SDWKZD\V FRQWULEXWLQJ WR GUXJ VHQVLWLYLW\ DQG
UHVLVWDQFH LQ YDULRXV FDQFHU VHWWLQJV DQG WR SURSRVH QRYHO GUXJ WDUJHWV DQG
FRPELQDWLRQDSSURDFKHV&HOOOLQHVFUHHQVKDYHSURYLGHGVRPHVXFFHVVLQH[SODLQLQJ
RUSUHGLFWLQJGUXJUHVSRQVHVE\GULYHUJHQHPXWDWLRQV>@KRZHYHULQPDQ\FDVHV
WKH WUXHPHFKDQLVPRI UHVLVWDQFHUHPDLQVHOXVLYHRUPRUHFRPSOH[0RVWSUHGLFWLYH
PHWKRGV URXWLQHO\XVHG WRGD\ HPSOR\ FRUUHODWLYH VWDWLVWLFV RU IHDWXUHEDVHG OHDUQLQJ
WHFKQLTXHV VXFK DV PDFKLQH OHDUQLQJZKLOHQHWZRUN PHWKRGV UHPDLQ VFDUFHGHVSLWH
WKHLUSRWHQWLDOIRUH[WUDFWLQJPHFKDQLVWLFLQVLJKWVDQGDFWLRQDEOHELRPDUNHUV
7KHPROHFXODUKHWHURJHQHLW\ZLWKLQFDQFHUW\SHVIXUWKHUFRPSOLFDWHVWKHSUHGLFWLRQRI
WXPRU FHOO EHKDYLRU GHWHUPLQLQJ D SDWLHQW
V GUXJ UHVSRQVH 0XOWLSOH VRPDWLF
PXWDWLRQV HSLJHQHWLF HYHQWV RU RWKHUZLVH GHUHJXODWHG JHQHSURWHLQ H[SUHVVLRQ PD\
FRQWULEXWH WR GULYLQJ WKH GLVHDVH 7KLV LV WUXH LQ DFXWH P\HORLG OHXNHPLD $0/
ZKHUH SDWLHQWV PD\ KDUERU VRPDWLF PXWDWLRQV LQ D QXPEHU RI SRWHQWLDO RQFRJHQHV
LQFOXGLQJ )/7 0// 7<. )*)5 3'*)5$ ,'+ '107$ LPSDFWLQJ
H[SUHVVLRQRIGRZQVWUHDPVLJQDOLQJIRUH[DPSOHWKURXJK3,0NLQDVHV>@)/7
LQWHUQDO WDQGHP GXSOLFDWLRQV )/7,7' DQG 3,0 RYHUH[SUHVVLRQ DUH DVVRFLDWHG
ZLWKSRRUSURJQRVLVLQ$0/SDWLHQWVPRWLYDWLQJWKHGHYHORSPHQWRIVPDOOPROHFXOH
LQKLELWRUV WDUJHWLQJ WKHVH SURWHLQV >@ ,QFRPSOHWH VLJQDOLQJ LQKLELWLRQ RU WKH


SUHVHQFH RI PXOWLSOH PROHFXODU DOWHUDWLRQV WKDW UHGXFH D WXPRUV GHSHQGHQF\ RQ DQ\
RQH WDUJHW PD\ UHVXOW LQ GUXJ UHVLVWDQFH >@ 7KLV PD\ EH RYHUFRPH WKURXJK
UDWLRQDOGUXJFRPELQDWLRQVKRZHYHURSWLPDODSSURDFKHVDUHUDUHO\REYLRXVDQGKLJK
WKURXJKSXW FRPELQDWLRQ VFUHHQLQJ LV FRPSOH[ DQG H[SHQVLYH ZLWK OLPLWHG VXFFHVV
VKRZQ
:LWK DQ DJLQJ SRSXODWLRQ WKH LQFLGHQFH RI $0/ LV LQFUHDVLQJ ZLWK WKHQXPEHU RI
QHZFDVHVSHU\HDUDSSURDFKLQJLQWKH86$DORQH$0/WKHUHIRUHSUHVHQWVD
ODUJHXQPHWFOLQLFDOQHHGZLWKRYHUDOO\HDUVXUYLYDOUDWHVUHPDLQLQJDWDURXQG
0RVWSDWLHQWVZLOOUHVSRQGWRLQLWLDOF\WRUHGXFWLYHWKHUDS\EXWDODUJHSURSRUWLRQZLOO
UHODSVH ZLWK HPHUJHQFH RI GUXJUHVLVWDQW FORQHV *LYHQ WKDW ERQH PDUURZ
WUDQVSODQWDWLRQDVWKHRQO\FXUDWLYHWKHUDS\LVQRWDQRSWLRQIRUPDQ\SDWLHQWVDEHWWHU
XQGHUVWDQGLQJ RI WKH UHJXODWRU\ SDWKZD\V FDXVLQJ OHXNDHPLF WUDQVIRUPDWLRQ DQG LQ
SDUWLFXODUWKHHPHUJHQFHRIUHVLVWDQFHZLOOEHHVVHQWLDOWRLPSURYHWUHDWPHQWRXWFRPHV
LQ$0/
&RPSXWDWLRQDO VLPXODWLRQV RI FDQFHU FHOO VLJQDOLQJ KDYH WKH SRWHQWLDO WR RYHUFRPH
ERWK WKH OLPLWDWLRQ RI FHOO OLQH GLYHUVLW\ DQG in-vitro VFUHHQLQJ WKURXJKSXW
&RPSXWDWLRQDOPRGHOLQJDSSURDFKHVFDQEHXVHGWRFDSWXUHDQGLQWHJUDWHNQRZOHGJH
ZLWK PROHFXODU DQG SKHQRW\SLF GDWD WR EHWWHU XQGHUVWDQG WKH JHQHWLF DQG VLJQDOLQJ
GHSHQGHQFLHV GHWHUPLQLQJ D GUXJ¶V PHFKDQLVP RI DFWLRQ 7KH PRGHOV VKRXOG EH
XQLTXH WR WKH WXPRU FHOO FRQWH[W LQFOXGH NH\ SURWHLQV DQG WKHLU LQWHUDFWLRQV ZKLOVW
DFFRXQWLQJ IRU LQIOXHQWLDO JHQH PXWDWLRQV DQG ZRXOG LGHDOO\ H[WHQG WR RWKHU
PROHFXOHV LQYROYHG LQ FHOO VLJQDOLQJ([HFXWLRQ RI VXFK PRGHOV VKRXOG GHPRQVWUDWH
WKH LQWUDFHOOXODU VLJQDOLQJ DFWLYLW\ DV LW LV WULJJHUHG E\ GLIIHUHQW PXWDWLRQV DQG
GLIIHUHQWWKHUDSHXWLFPRGDOLWLHVUHVXOWLQJLQGLIIHUHQWFHOOSKHQRW\SHV


&RPSXWDWLRQDOPRGHOVEDVHGDURXQG%RROHDQQHWZRUNVSLRQHHUHGE\.DXIIPDQ>@
DVDPRGHOIRUJHQHWLFUHJXODWRU\QHWZRUNVKDYHEHHQGHPRQVWUDWHGIRULQWHUSUHWDWLRQ
RI ODUJH GDWD VHWV DV ZHOO DV IRU GUXJ GLVFRYHU\ >@ ,Q WKHVH PRGHOV
UHODWLRQVKLSVDUHUHSUHVHQWHGLQDG\QDPLFQHWZRUNZLWKGLVFUHWHWLPHVWHSV6LJQDOLQJ
PROHFXOHV UHSUHVHQWHGE\QRGHV LQDQHWZRUNFDQKDYH WZRVWDWHV KHQFHD%RROHDQ
QHWZRUNDQGHGJHVDUHGLUHFWHGDQGPD\EHDFWLYDWLQJRULQKLELWRU\KRZHYHUWKLVFDQ
RYHUVLPSOLI\ELRORJLFDOVLJQDOLQJZKHUHPROHFXOHVRIWHQH[LVWLQPXOWLSOHVWDWHVZLWK
LQWHUDFWLRQV WKDWDUH UDUHO\ELQDU\4XDOLWDWLYH1HWZRUNV 41PDNHDQH[WHQVLRQ WR
%RROHDQ QHWZRUNV WR DOORZ YDULDEOHV WR UDQJH RYHU ODUJHU GLVFUHWH GRPDLQV E\
UHSODFLQJ %RROHDQ IXQFWLRQV ZLWK DOJHEUDLF IXQFWLRQV >@ IXUWKHU GHWDLOV LQ
VXSSOHPHQWDU\PHWKRGV6SHFLILFDOO\WKHJUDSKLFDOWRRO%LR0RGHO$QDO\]HU%0$
>@ DYDLODEOH DW http://biomodelanalyzer.org/ KDV SUHYLRXVO\ EHHQ XVHG WR
HQFDSVXODWH FKURQLF P\HORLG OHXNHPLD &0/ FHOO VLJQDOLQJ LQIRUPDWLRQ IURP!
SXEOLFDWLRQV LQ D 41 PRGHO >@ DEOH WR WKHQ VXFFHVVIXOO\ UHFDSLWXODWH PXOWLSOH
LQGHSHQGHQWH[SHULPHQWDOUHVXOWV$QRWKHUH[WHQWLRQWR%RROHDQQHWZRUNVLVSURYLGHG
E\4XDQWLWDWLYH0RGHOLQJDSSURDFKHVDOORZLQJYDULDEOHV WR UDQJHRYHUQRQGLVFUHWH
YDOXHV DQG VR FDSWXULQJ PRUH FRPSOH[ UHODWLRQVKLSV EXW RQO\ IHDVLEOH IRU PXFK
VPDOOHUZHOOVWXGLHGV\VWHPV>@
,Q WKLV VWXG\ ZH XVH 41V WR PRGHO WKH SURWHLQ VLJQDOLQJ FRQQHFWLQJ JHQHWLF
DEHUUDWLRQV LQ )/7 7<. 3'*)5$ RU )*)5 WR FHOO SUROLIHUDWLRQDSRSWRVLV YLD
WKH 3,0 DQG 3,. NLQDVHV IRU IRXU $0/ FHOO OLQHV DFFRXQWLQJ IRU WKHLU XQLTXH
JHQHWLF DQG SKHQRW\SLF GLYHUVLW\ &RQVWUXFWLRQ DQG DQDO\VLV RI WKH ELRORJLFDO 41
PRGHOZDVDFKLHYHGLQ%0$>@%\LQFRUSRUDWLQJFHOOVSHFLILFFRQWH[WVZLWFKHVLQ
WKH PRGHO IRU IRXU FHOO OLQHV ZH ZHUH DEOH WR DFFXUDWHO\ PRGHO UHVSRQVH DQG
UHVLVWDQFHWRDSDQ3,0NLQDVHLQKLELWRU$='DQGWKH)/7LQKLELWRU$&DQG


YDOLGDWHGH[SHULPHQWDOO\RXUSUHGLFWLRQV7KHPRGHOSURYLGHVDXVHIXOWRROIRU$0/
UHVHDUFKDQGWKHDSSURDFKRIIHUVYDOXHWRGUXJGLVFRYHU\DQGHDUO\GHYHORSPHQW
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5HDJHQWV
$=' $=' DQG $=' ZHUH V\QWKHVL]HG E\ $VWUD=HQHFD 5	'
:DOWKDP 0$ DQG GLOXWHG LQ GLPHWK\O VXOIR[LGH 6LJPD$OGULFK $& DQG
*'&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&HOOOLQHWUHDWPHQW
&HOO OLQHV &0. (2/ +/ .$680, .*$ 02/0 02/0
02120$&0912022&,$0/2&,0DQG2&,0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$7&&ŚƚƚƉ ? ? ?ǁǁǁ ?ĂƚĐĐ ?ŽƌŐ ?FHOOEDQNDQG
SDVVDJHG LQ RXU ODERUDWRU\ IRU IHZHU WKDQ  PRQWKV DIWHU UHFHLSW RU
UHVXVFLWDWLRQ $7&& XVHV PRUSKRORJ\ NDU\RW\SLQJ DQG 3&5 EDVHG DSSURDFKHV WR
FRQILUP WKH LGHQWLW\RIKXPDQFHOO OLQHV DQG WR UXOHRXWERWK LQWUD DQG LQWHUVSHFLHV
FRQWDPLQDWLRQ
$OOFHOOVZHUHFXOWXUHGDQGDVVD\HGDVSUHYLRXVO\GHVFULEHGLQ>@DQGLQVXSSOHPHQWDO
PHWKRGV
*URZWKLQKLELWLRQFDOFXODWLRQ
)RUVLQJOHDJHQW*,ZHUHFDOFXODWHGIURPWKHUDWLRRI WKHKRXU WUHDWPHQW WR
KRXU'062FRQWURODIWHUVXEWUDFWLRQRIWKH'D\GDWDIURPHDFKPHDVXUHPHQW7KH
GRVHUHVSRQVH GDWD ZHUH ILWWHG XVLQJ ;OILW 0LFURVRIW ([FHO )RU FRPELQDWLRQ
SHUFHQWJURZWKLQKLELWLRQZDVGHWHUPLQHGXVLQJWKH&KDOLFHVRIWZDUHZLWKYDOXHVRI
WRLQGLFDWLQJDQWLSUROLIHUDWLRQIHZHUQXPEHURIFHOOV WKDQWKHYHKLFOHFRQWURO
EXWJUHDWHUWKDQRUHTXDOWRWKHQXPEHURIFHOOVDWWKHVWDUWRIWUHDWPHQWDQGYDOXHVRI
WRLQGLFDWLQJFHOOGHDWKIHZHUFHOOVWKDQDWWKHVWDUWRIWUHDWPHQW'D\
YDOXHVZHUHVXEWUDFWHGIURPWKH'D\WUHDWPHQWV7KHFRPELQDWLRQ,QGH[HV&,DQG


6\QHUJ\VFRUHVZHUHGHWHUPLQHGXVLQJWKHVRIWZDUHSURJUDP&KDOLFH=DOLFXVDQG&,
GHWHUPLQDWLRQZDVPDGHDW WKH('YDOXH6\QHUJ\ZDVGHWHUPLQHGE\ WKH/RHZH
DGGLWLYLW\PRGHO
)XOO PHWKRGV IRU JHQH H[SUHVVLRQ PLFURDUUD\ ZKROH H[RPH '1$ VHTXHQFLQJ DQG
7KHUDQRVLWFVSURWHRPLFVDUHLQWKH6XSSOHPHQWDO0HWKRGVEULHIGHVFULSWLRQIROORZV
*HQHH[SUHVVLRQPLFURDUUD\
&HOO OLQH O\VDWH ZDV JHQHUDWHG IURP ORJDULWKPLF JURZLQJ &0. (2/ +/
.$680, .*$ 02/0 02/0 02120$& 09 1202
2&,$0/2&,0DQG2&,0FHOO OLQHV/\VDWHZDVVHQW WR([SUHVVLRQ$QDO\VLV
KWWSZZZH[SUHVVLRQDQDO\VLVFRP IRU JHQH H[SUHVVLRQ DQDO\VLV RQ $II\PHWUL[
+XPDQ *HQRPH 8 3OXV  $UUD\ ([SUHVVLRQ UHVXOWV ZHUH I50$ QRUPDOL]HG
ORJWUDQVIRUPHGDQGH[SUHVVLRQZDVDYHUDJHGE\JHQHV\PERODFURVVSUREHVHWV
:KROHH[RPH'1$VHTXHQFLQJ
&HOO OLQHV O\VDWH ZDV JHQHUDWHG IURP ORJDULWKPLF JURZLQJ &0. (2/ +/
.$680, .*$ 02/0 02/0 02120$& 09 1202
2&,$0/ 2&,0 DQG 2&,0 /\VDWH ZDV VHQW WR ([SUHVVLRQ $QDO\VLV
KWWSZZZH[SUHVVLRQDQDO\VLVFRP IRU ZKROH H[RPH '1$ VHTXHQFLQJ DQG
SURFHVVHG  ZLWK WKH %&%LR SLSHOLQH KWWSVEFELRQH[WJHQUHDGWKHGRFVRUJ 3DLUHG
DQDO\VLV RI WKH SDUHQWDO DQG UHVLVWDQW FHOO OLQHV ZDV SHUIRUPHG WR XVLQJ )UHH%D\HV
>@0X7HFW>@DQG9DU'LFW*LW+XEWRFDOOUHVLVWDQFHVSHFLILFPXWDWLRQV
7KHUDQRVWLFV+HDOWKUHYHUVHSKDVHGSURWHLQDUUD\
&HOOVZHUHWUHDWHGZLWK$='RU$&DVVLQJOHDJHQWRULQFRPELQDWLRQIRURU
 KRXUV /\VDWH ZDV SUHSDUHG DQG VKLSSHG WR 7KHUDQRVWLFV +HDOWK 5RFNYLOOH
0DU\ODQGIRUUHYHUVHSKDVHGSURWHLQDUUD\H[SHULPHQWV



3URWHLQ$UUD\GDWDWUDQVIRUPDWLRQIRUH[HFXWDEOHQHWZRUNPRGHOFRQVWUXFWLRQ
7KHUHODWLYHOLQHDUORJ533$YDOXHVZHUHFDWHJRUL]HGIRUXVHLQH[HFXWDEOHQHWZRUN
PRGHOOLQJ)LJ6RQDSRLQWVFDOHIURPILWWHGWRWKHGLVWULEXWLRQRIWKHYDOXHV
7DEOH6
3URWHLQZHVWHUQEORWV
&HOOVZHUHWUHDWHGZLWK$='$=RU$&DVVLQJOHDJHQWFRPELQDWLRQ
RU UHVLVWDQFH DV H[SHULPHQWDOO\ GHVFULEHG :KROH FHOO H[WUDFWV ZHUH IUDFWLRQDWHG E\
6'63$*(DQGWUDQVIHUUHGWRDQLWURFHOOXORVHPHPEUDQHLQWUDQVIHUEXIIHUP0
*O\FLQH P0 7ULV+&O  6'6  PHWKDQRO EXIIHU DW 9ROWV IRU 
PLQXWHVXVLQJDVHPLGU\WUDQVIHUDSSDUDWXVDFFRUGLQJWRWKHPDQXIDFWXUHU¶VSURWRFROV
,QYLWURJHQ7KH PHPEUDQHVDUHEORFNHGZLWKQRQIDWPLON LQ7%67 P0
7ULV S+   P0 1D&O  7ZHHQ  IRU  KRXU DQG  ZDVKHG WKUHH WLPHV
ZLWK 7%67 DQG H[SRVHG WR SULPDU\ DQWLERGLHV LQ  PLON LQ 7%67 DJDLQVW
S35$6 &67  S(%3 6HU  &67  S%$' &67  SS6
&67S6 &67S(5.&67SHO)%&67S$.7&67
 ĮWXEXOLQ &67  RU ȕDFWLQ &67  DW  & 21  0HPEUDQHV DUH
ZDVKHG WKUHH WLPHV IRU  PLQXWHV DQG LQFXEDWHG ZLWK D  GLOXWLRQ RI
KRUVHUDGLVK SHUR[LGDVHFRQMXJDWHG DQWLPRXVH RU DQWLUDEELW DQWLERGLHV &67 
IRU  KRXU DW URRP WHPSHUDWXUH $IWHU ZDVKLQJ WKH PHPEUDQHV WKUHH WLPHV IRU WHQ
PLQXWHVVLJQDOVZHUHYLVXDOL]HGXVLQJWKH(&/V\VWHP7KHUPR6FLHQWLILF
3KRVSKR6FDQPDVVVSHFWURPHWU\


:HFRQILUPHG WKH UREXVWHQHVVRIRXU ILQGLQJ IRU02/0FHOOV WUHDWHGZLWKX0
$=' IRU  KRXUV 7DEOH 6 E\ DSSO\LQJ D /&0606 SKRVSKRU\ODWLRQ
SURWHRPLFDSSURDFK$GGLWLRQDOGHWDLOVDUHSURYLGHGLQWKH6XSSOHPHQWDU\1RWH
7DUJHWHGWUHDWPHQWRI$0/FHOOOLQHV
:H LQYHVWLJDWHG SKHQRW\SLF DQG FHOO VLJQDOLQJ UHVSRQVHV E\ UHYHUVHSKDVHG SURWHLQ
DUUD\V 533$ 6LQFH WKH 3,0 JHQH IDPLO\ LV RIWHQ RYHUH[SUHVVHG >@ DQG
)/7,7'¶VDUHSUHYDOHQWLQ$0/>@ZHWUHDWHGWKHFHOOVZLWKWKHSDQ3,0NLQDVH
LQKLELWRU $=' DQG WKH SRWHQW VHOHFWLYH )/7 LQKLELWRU $& 4L]DUWLQLE DV
PRQRWKHUDS\DQGLQFRPELQDWLRQ>@DQGFRPSDUHG$0/FHOOOLQHVZHUHWUHDWHGZLWK
'062 X0 $=' Q0 $& RU WKH UHVSHFWLYH FRPELQDWLRQ IRU  RU 
KRXUV/\VDWHVZHUHJHQHUDWHGSURWHLQYDOXHVZHUHDVVHVVHGE\533$DQGTXDGUDQW
PHGLDQ QRUPDOL]HG 401 SURWHLQ OHYHOV FDOFXODWHG 7DEOH 6 6WDWLVWLFDOO\
VLJQLILFDQWWRWDOSURWHLQDQGSKRVSKRU\ODWLRQFKDQJHVZHUHGHWHUPLQHGE\ORJ401
GLIIHUHQFHVJUHDWHUWKDQRUHTXDOWRDQG:LOFR[RQ5DQN6XP7HVWVSYDOXHVOHVV
WKDQRUHTXDOWR7DEOH6


5HVXOWV
$0/FHOOOLQHVVKRZGLIIHUHQWLDOVHQVLWLYLW\WR3,0LQKLELWLRQ
7R LGHQWLI\ SRWHQWLDO JHQHWLF DOWHUDWLRQV DVVRFLDWHG ZLWK VHQVLWLYLW\ WR WKH SDQ3,0
NLQDVH LQKLELWRU $=' ZH VXUYH\HG JHQH YDULDQWV E\ ZKROH H[RPH '1$
VHTXHQFLQJ7DEOH6DQGSULRULWL]HGE\$0/GLVHDVHUHOHYDQFH>@$OWKRXJKFHOOV
VHQVLWLYHWR$='GRKDUERU$0/UHOHYDQW3'*)5$)*)5)/7DQG0//
JHQHWLFYDULDQWV RQO\ D VPDOO QXPEHURI FHOO OLQHVKDUERU WKHVDPHYDULDQW WKHUHE\
IDLOLQJWRUHDFKVWDWLVWLFDOVLJQLILFDQFHLQDVVRFLDWLRQWRGUXJUHVSRQVH)LJ$%DVDO
FHOO OLQHPIM1P51$H[SUHVVLRQWHQGVWREHKLJKHU LQVHQVLWLYHOLQHVDVSUHYLRXVO\
VKRZQ DW WKH SURWHLQ OHYHO >@ XQGHUO\LQJ WKH LPSRUWDQFH RI FRPSRXQG WDUJHW
H[SUHVVLRQ DORQJVLGH WKH LQWHUSOD\ ZLWK JHQHWLF DOWHUDWLRQV IRU VHQVLWLYLW\ +RZHYHU
FHOOV KDUERULQJ SDWKZD\ UHOHYDQW JHQHWLF DOWHUDWLRQV RU RYHUH[SUHVVLQJ 3,0 H[KLELW
YDULHG UHVSRQVH WR WUHDWPHQW FDOOLQJ IRU D GHHSHU H[DPLQDWLRQ RI WKH FHOO VLJQDOLQJ
UHODWLQJ JHQRW\SH WR SKHQRW\SH WR SURYLGH D EHWWHU XQGHUVWDQGLQJ RI WKH PROHFXODU
GHSHQGHQFLHVXQGHUO\LQJ3,0LQKLELWRUVHQVLWLYLW\LQ$0/FHOOOLQHV
&HOOW\SHVSHFLILFGLIIHUHQFHVLQ3,0SDWKZD\VLJQDOLQJLQUHVSRQVHWRWUHDWPHQW
*LYHQWKHZLGHYDULDELOLW\RIUHVSRQVHWRWKHUDSHXWLFDJHQWVDFURVV$0/FHOOOLQHVZH
H[SORUHG WKHGLIIHUHQFHV LQSKRVSKRSURWHLQVLJQDOLQJGRZQVWUHDPRI3,0IRU$0/
FHOOOLQHV02/009(2/DQG.*$5HYHUVHSKDVHSURWHLQDUUD\533$
PHDVXUHPHQWVWDNHQKRXUVSRVW$='WUHDWPHQWUHSURGXFHGSXEOLVKHGILQGLQJV
>@ RI UHGXFHG %$' SKRVSKRU\ODWLRQ LQ WKH 02/0 FHOO OLQH DQG UHGXFHG 6
S6 LQ (2/ )LJ % 7R HVWLPDWH UHVSRQVH RI FHOO OLQHV JURZWK LQKLELWLRQ
ZDVTXDQWLILHGDFFRUGLQJ WR WKHQXPEHURIYLDEOHFHOOVDIWHUFXOWXULQJZLWKGLIIHUHQW
FRQFHQWUDWLRQVRI$='DQG)/7LQKLELWRU$&LQFRPELQDWLRQ)LJ&)LJ
6'LUHFWLRQDOGHSKRVSKRU\ODWLRQVLJQDOLQJWUHQGVVHHQLQ533$IRU%5$)S6


(,)%S60725S6DQGJOREDO%$'SKRVSKRU\ODWLRQZHUHFRQILUPHGE\
3KRVSKR6FDQ PDVVVSHFWURPHWU\ LQ 02/0 FHOOV DIWHU  KRXU WUHDWPHQW ZLWK
$='7DEOH6
%XLOGLQJDJHQHUDOL]HGPRGHORI3,0VLJQDOLQJLQ$0/
,Q RUGHU WR PRGHO WKH REVHUYHG JHQRW\SLF DQG SKHQRW\SLF GLIIHUHQFHV EHWZHHQ WKH
$0/ FHOO OLQHV ZH SURSRVHG D ZRUNIORZ IRU GHYHORSLQJ D FHOOVSHFLILF FRQWH[W
QHWZRUNPRGHOXVLQJWKH%0$WRROIURPFHOOOLQHPROHFXODULQIRUPDWLRQ)LJ:H
JHQHUDWHG DQ LQLWLDO JHQHUDOL]HG PRGHO IURP WKH PDQXDO FXUDWLRQ RI  SXEOLFDWLRQV
7DEOH 6 IRU $0/ FHOO OLQH 7KH LQLWLDO PRGHO FRQWDLQV D FDQRQLFDO VHW RI 
LQWHUDFWLRQVDPRQJ LQWHUDFWLQJSURWHLQV FRQQHFWHG WRFHOOSKHQRW\SHVEHKDYLRUV
RI DSRSWRVLV DQG FHOO SUROLIHUDWLRQ KWWSZZZELRFFDPDFXNILVKHUDPO 
*HQHUDO0RGHOMVRQ7DEOH6$OOYDOXHVDWQRGHVUDQJHIURPWRWRUHSUHVHQWWKH
SKRVSKRU\ODWLRQDFWLYLW\IURPWKHWUDQVIRUPHG533$GDWDZLWKUHSUHVHQWLQJORZWR
QRDFWLYLW\DQGUHSUHVHQWLQJDEQRUPDORYHUDFWLYLW\7KHFHOOXODUEHKDYLRURXWFRPH
IRUHDFKGLVHDVHVWDWHLVUHIOHFWHGE\WKHWZRWHUPLQDOGRZQVWUHDPQRGHVZKLFKPRGHO
WKHRXWFRPHIRUFHOOXODUDEQRUPDOSUROLIHUDWLRQDQGDSRSWRVLV UDWHV7KHJHQHUDOL]HG
PRGHORI$0/VLJQDOLQJZDVDEOHWRFDSWXUHRQO\SDUWLDODEQRUPDOFHOOEHKDYLRUIRU
XQWUHDWHGFHOOV FDSWXULQJ WKHDEQRUPDO ORZDSRSWRVLV OHYHOV IRUERWK02/0DQG
09DQGVKRZLQJDQLQFUHDVHLQSUROLIHUDWLRQ\HWQRWFDSWXULQJWKHPDJQLWXGHRI
WKH LQFUHDVH,QDGGLWLRQNQRZQSHUWXUEDWLRQVVXFKDVVLPXODWLQJLQKLELWLRQRI3,0V
LQ WKHPRGHO VKRZHG WKHH[SHFWHG WUHQG OLQHRIGHFUHDVHGSUROLIHUDWLRQ\HWGLGQRW
H[KLELWWKHH[SHFWHGHIIHFWRQDSRSWRVLVOHYHOV
 


,QWURGXFLQJFHOOVSHFLILFFRQWH[WLQ41PRGHOV
:H LQFRUSRUDWHG PXOWLSOH JHQH PXWDWLRQ VZLWFKHV
KWWSZZZELRFFDPDFXNILVKHUDPO&HOO6SHFLILF$0/MVRQ7DEOHWRFRQVWUXFW
FHOOVSHFLILFFRQWH[WPRGHO:HLWHUDWLYHO\UHILQHGWKHWDUJHWIXQFWLRQIRUHDFKLQWHUQDO
QRGHWRUHIOHFWWKHOHYHOVRISKRVSKRU\ODWLRQDFWLYLW\DVPHDVXUHGE\WKHWUDQVIRUPHG
533$ GDWD IRU HDFK FHOO OLQH DV ZHOO DV WKH TXDOLWDWLYH DFWLYLW\ UHSRUWHG LQ WKH
OLWHUDWXUH LQ DFFRUGDQFH WR JHQH PXWDWLRQV $ FHOOVSHFLILF FRQWH[W LQ WKH PRGHO LV
VLPXODWHGE\VHWWLQJWKHVZLWFKHVIRUWKHGULYHUPXWDWLRQVIRXQGLQWKDWFHOOWRZKLOH
DOO RWKHU VZLWFKHV WR PXWDWLRQV WKDW ZHUH DVVHVVHG DV QRQGULYHU DUH VHW WR  7DEOH
6$VDUHVXOWRIGLIIHUHQWVHWRIPXWDWLRQV³WXUQHGRQ´WKHSURWHLQDFWLYLW\H[KLELWHG
E\ WKH PRGHO ZLOO GLIIHU EHWZHHQ FHOO OLQHV 7DEOH 6 $GGLWLRQDO GHWDLOV RQ GDWD
SURFHVVLQJDQGPRGHOFRQVWUXFWLRQDUHLQWKH6XSSOHPHQWDU\QRWHV
([FXWDEOH41PRGHOYDOLGDWHGE\FHOOW\SHVSHFLILFVLJQDOLQJEHKDYLRXU
7KHH[HFXWDEOH41PRGHO)LJ$ZDVEXLOWRQWKH533$DQGJURZWKLQKLELWLRQRI
02/0 DQG 09 FHOO OLQHV KDUERULQJ 7<. PXWDWLRQ DQG )/7,7'
UHVSHFWLYHO\ )LJ % )RU HDFK FHOO OLQH DFURVV HDFK WUHDWPHQW )LJ % WKH PHDQ
VTXDUH HUURU 06( REVHUYHG EHWZHHQ WKH WUDQVIRUPHG 533$ YDOXHV DQG PRGHOHG
VLJQDOLQJ DFWLYLW\ UDQJHG IURP  WR  DQG PHGLDQ RI   WR  LQ WKH
JHQHUDOL]HGPRGHOPHGLDQRIZLWKWKHORZHVWVHHQIRU09FHOOOLQHWUHDWHG
ZLWK $='  $& FRPELQDWLRQ DQG WKH KLJKHVW IRU WKH 02/0 FHOO OLQH
WUHDWHGZLWK$='0HDQZKLOH DFURVV HDFKSURWHLQ WKH06(REVHUYHGEHWZHHQ
WKH WUDQVIRUPHG 533$ YDOXHV DQG HDFK SURWHLQ VLJQDOLQJ DFWLYLW\ UDQJHG IURP  WR
DQGPHGLDQRIWRLQWKHJHQHUDOL]HGPRGHOPHGLDQRIZLWK
WKHORZHVWVHHQIRU%$'DQG%&5DQGWKHKLJKHVWVHHQIRU(%3


(TXDOO\ DV LPSRUWDQW WKH FHOOVSHFLILF FRQWH[W PRGHO SHUIRUPHG ZHOO LQ SUHGLFWLQJ
FHOOXODU UHVSRQVH DV PHDVXUHG ERWK E\ JURZWK LQKLELWLRQ DQG PDUNHUV RI UHGXFHG
SUROLIHUDWLRQDQGLQFUHDVHGDSRSWRVLV)LJ%&7KHPRGHODFFXUDWHO\SUHGLFWHG)LJ
&WKHUHGXFWLRQLQSUROLIHUDWLRQDVDUHVXOWRIWUHDWPHQWZLWK$='VLQJOHDJHQW
$& VLQJOH DJHQW DQG GUXJ FRPELQDWLRQV LQ 09 FHOOV $OWKRXJK XQGHU
SUHGLFWLQJWKHPDJQLWXGHRILQFUHDVHLQDSRSWRVLVIRU$&VLQJOHDJHQWWKHPRGHO
DFFXUDWHO\ SUHGLFWHG WKH GLUHFWLRQDO UHVSRQVHV ZLWK LQFUHDVHV LQ DSRSWRVLV IRU
$='VLQJOHDJHQW$&VLQJOHDJHQW DQGFRPELQDWLRQ WUHDWPHQWV LQ09
FHOOV
,Q DGGLWLRQ WR SUHGLFWLQJ GLIIHUHQWLDO SKHQRSW\SLF UHVSRQVHV LQ HDFK FHOO OLQH WKH
PRGHOKLJKOLJKWVNH\VLJQDOLQJHYHQWVWKDWPD\XQGHUOLHWKHPHFKDQLVPIRUHDFK:H
YDOLGDWHGWKHUREXVWQHVVRIHYHQWVVXJJHVWHGIRU02/0XVLQJPDVVVSHFWURPHWU\
0RVW LPSRUWDQWO\ WKH PDVVVSHFWURPHWU\ FRUURERUDWHG WKH GHFUHDVHG (,)% S6
SKRVSKRU\ODWLRQ DIWHU $=' WUHDWPHQW FRQWULEXWLQJ WR GHFUHDVH LQ SUROLIHUDWLRQ
DVZHOO DV WKHGHFUHDVH LQ%$'S6DQGS6DIWHU$=' WUHDWPHQWZKLFK
LQFUHDVHVDSRSWRVLV$NH\GLIIHUHQWLDWLQJIHDWXUHRI02/0FHOOOLQHVLVWKHODFNRI
K\SHUDFWLYLW\ IURP WKH 0$3. 5DV 5DI 0(. (5. DQG $.7P725& SDWKZD\V
SRVW $=' WUHDWPHQW VXSSRUWHG E\ GHSKRVSKRU\ODWLRQ DW GRZQVWUHDP %5$)
S6DQG0725S6LQWKHPDVVVSHFWURPHWU\GDWD
7HVWLQJWKHDGDSWDELOLW\RIWKHPRGHOWRQHZFHOOVSHFLILFFRQWH[WVZHWXUQHGRQWKH
JHQHWLFDOWHUDWLRQV),3/3'*)5$IXVLRQDQG)*)5IXVLRQPDWFKLQJ(2/DQG
.*$ FHOO OLQHV UHVSHFWLYHO\ 7KH DSRSWRVLV UDQJH ZDV H[SDQGHG WR VSDQ WKH IXOO
G\QDPLF UDQJH VHHQ LQ WKHVH FHOO OLQHV \HW QR IXUWKHU UHILQHPHQW RI WKH PRGHO ZDV
SHUIRUPHG7KHPRGHOUHIOHFWHGWKHFHOOXODUVLJQDOLQJFKDQJHVREVHUYHGLQ533$GDWD
)LJ'ZKHUHWKH06(UDQJHGIURPWRZLWKWKHORZHVWVHHQIRU(2/FHOO


OLQHWUHDWHGZLWKVLQJOHDJHQW$='DQGWKHKLJKHVWIRUWKH.*$FHOOOLQHWUHDWHG
LQ FRPELQDWLRQ ZLWK $& $FURVV HDFK SURWHLQ WKH 06( REVHUYHG EHWZHHQ HDFK
SURWHLQ VLJQDOLQJ DFWLYLW\ DQG WKH WUDQVIRUPHG 533$ YDOXHV UDQJHG IURP  WR 
ZLWKWKHORZHVWVHHQIRU$.7DQGWKHKLJKHVWVHHQIRUS7KHPRGHODOVRSHUIRUPHG
ZHOOLQSUHGLFWLQJFHOOXODUUHVSRQVH)LJ()RUWKHSUROLIHUDWLRQDQGDSRSWRVLVFHOO
EHKDYLRUV WKH PRGHO DFFXUDWHO\ SUHGLFWHG WKH FHOOXODU UHVSRQVHV VHHQ LQ .*$ IRU
$=' $& DQG FRPELQDWLRQ WUHDWPHQWV DV ZHOO DV WKH FHOO EHKDYLRUV IRU
(2/ZLWK$='WUHDWPHQW$&ZDVQRWWHVWHGIRU(2/
7KH PRGHO DOVR UHSOLFDWHG YDULDWLRQV LQ VHQVLWLYLW\ VXFK DV (2/ UHDFWLQJ ZLWK
UHGXFHGDSRSWRVLVWR3,0LQKLELWLRQZKHQFRPSDUHGWR02/0
1RYHOVLJQDOLQJFRPSRQHQWVSURSRVHGWKURXJKPRGHOUHILQHPHQW
$ E\SURGXFW RI UHILQLQJ WKH 41 PRGHO WR FDSWXUH FHOO W\SHVSHFLILF VLJQDOLQJ LV D
JUDSKLFDODQGGHVFULSWLYH UHSUHVHQWDWLRQRIFHOO VSHFLILFVLJQDOLQJG\QDPLFVEHWZHHQ
SURWHLQVLQWKHQHWZRUN)LJ$%\VLPXODWLQJWKH41PRGHOZHZHUHDEOHWRWHVW
RXUDVVXPSWLRQVUHJDUGLQJWKHVLJQDOLQJGHSHQGHQFLHVEHWZHHQSURWHLQVDVGHVFULEHG
E\WKHWDUJHWIXQFWLRQV7DEOH)RULQVWDQFHGHVSLWH)/7,7'EHLQJXSVWUHDPRI
3,0 WKH HIIHFW UHYHDOHG E\ WKH LWHUDWLYH RSWLPL]DWLRQ RI WKH PRGHO ZDV OHVV WKDQ
RWKHU LQWHUDFWLQJ SURWHLQV DOVR VXJJHVWHG E\ WKH 533$ PHDVXUHPHQWV )LJ $
OHDGLQJ WR %$' RYHUDFWLYLW\ LQ 02/0 EXW QRW 09 7KH WDUJHW IXQFWLRQ RI
$.7VKRZVWKDWLWLVGHSHQGHQWRQWKHDFWLYLW\RIWKH)/7,7'DQG)*)5IXVLRQ
UHIOHFWLQJ WKH DFFXPXODWLRQ RI HYLGHQFHV IRU $.7P725 SDWKZD\ UROH LQ $0/
VXJJHVWHG SUHYLRXVO\ E\ >@ 7KH WDUJHW IXQFWLRQ RI 6 UHIOHFWV WKH GRPLQDQW RYHU
DFWLYDWLRQRILWYLD$.7P725SDWKZD\DGGLWLYHWRWKHDFWLYLW\RI0$3.SDWKZD\
DQG OHDGLQJ WRDQWLDSRSWRWLFFHOOEHKDYLRURI09DQG.*$$W WKHVDPH WLPH
WKHWDUJHWIXQFWLRQRI%$'DFFXPXODWHVZLWKDFWLYLW\RI0$3.SDWKZD\DQGRI3,0


GLUHFW SKRVSKRU\ODWLRQ RI DOO WKUHH VLWHV RI %$' >@ OHDGLQJ WR WKH DQWLDSRSWRWLF
EHKDYLRUREVHUYHGLQ02/0
In silico YLUWXDO H[SHULPHQWDWLRQ ZLWK $0/ FHOO PRGHOV FDQ UHSOLFDWH
LQGHSHQGHQWO\UHSRUWHGGDWD
$VDILUVWLQGHSHQGHQWWHVWRIWKH$0/FHOOVSHFLILFPRGHOZHDVVHVVHGLWVDELOLW\WR
UHSOLFDWH in-silico D VDPSOH RI SURWHLQ DQG SKHQRW\SLF FHOO OLQH UHVSRQVHV WR GUXJ
WUHDWPHQW UHSRUWHG LQ WKH OLWHUDWXUH EXW QRW XVHG DV SDUW RI PRGHO FRQVWUXFWLRQ RU
UHILQHPHQW:H UHSOLFDWHGHDFK LQYLWURH[SHULPHQWE\ WXUQLQJRQD UHVSHFWHG VHWRI
PXWDWLRQV DQG DGGLQJ WKH QHZ H[DPLQHG LQKLELWRU WR WKH PRGHO WKHQ REVHUYLQJ WKH
SUHGLFWHG SURWHLQ H[SUHVVLRQ $OO HLJKW SURWHLQ FKDQJHV ZHUH VXFFHVVIXOO\ SUHGLFWHG
7DEOH6 7KHPRGHOVXFFHVVIXOO\SUHGLFWHGFHOOVSHFLILFUHVSRQVH WRFRPSRXQGV
LQFOXGLQJIDLOXUHRID0(.LQKLELWRUWRLQGXFHDSRSWRVLVLQ(2/>@LQVHQVLWLYLW\
RI .*$ WR WKH FRPELQDWLRQ RI $.7 3'. DQG )/7 LQKLELWRUV >@ DQG WKH
JURZWKLQKLELWLRQLQGXFHGRQ(2/E\FRPELQLQJ3,0DQG$.7LQKLELWLRQ>@7KH
GHFUHDVHLQFHOOSUROLIHUDWLRQRI09LQUHVSRQVHWRP725&>@LQKLELWRUZDVQRW
UHFDSWXODWHG KRZHYHU WKH DXWKRUV RI >@ DWWULEXWH WKH GHFUHDVH LQ SUROLIHUDWLRQ WR
H,)(GHFUHDVHGH[SUHVVLRQZKLFKZDVDFFXUDWHO\UHSOLFDWHGE\WKHPRGHO
 


$0/ FHOOVSHFLILF PRGHO SUHGLFWV V\QHUJLVWLF GUXJ FRPELQDWLRQV ZLWK WKH 3,0
LQKLELWRU
7R DVVHVV WKH SRWHQWLDO WR SULRULWL]H V\QHUJLVWLF FRPELQDWLRQV WKURXJK in silico
K\SRWKHVLV WHVWLQJ ZLWK WKHVH PRGHOV ZH DVVHVVHG WKH 3,0 LQKLELWRU $=' WKH
$.7 LQKLELWRU $=' 0(. LQKLELWRU VHOXPHWLQLE $=' $55<
)/7LQKLELWRU$&DQG3,.LQKLELWRU$=DFURVVWKH$0/FHOOOLQHV)LJ
$)LJ6DOVRVXPPDUL]HGLQ7DEOH6)RUHDFKFHOOOLQHZHVLPXODWHGLQKLELWRQ
RIWKHGUXJWDUJHWVILUVWDVVLQJOHDJHQWVDQGWKHQDVFRPELQDWLRQVZLWK3,0LQKLELWLRQ
:HYDOLGDWHGHDFKFRPELQDWLRQLQHDFKFHOOOLQHH[SHULPHQWDO\DFURVVDGRVHUDQJHIRU
HDFKDJHQW)LJ%
7KH 02/0 FHOO OLQH ZDV FRUUHFWO\ SUHGLFWHG WR EH K\SHUVHQVLWLYH WR WKH 3,0
LQKLELWRUUHVXOWLQJLQDOPRVWFRPSOHWHFHOONLOODQGQRDGGLWLRQDOHIIHFWZDVSUHGLFWHG
LQFRPELQDWLRQZLWKRWKHULQKLELWRUV
,QFRQWUDVWWKH09FRQWH[WPRGHOZKLFKKDERUVD)/7,7'FRUUHFWO\SUHGLFWHG
DVWURQJV\QHUJ\EHWZHHQ$='DQG$&FRPELQDWLRQDWWULEXWHG WRDSRSWRWLF
HIIHFWHYLGHQWHYHQDWORZHUGRVDJHRIFRPELQHGWUHDWPHQWV9HU\ZHDNV\QHUJ\ZLWK
PLOGDSRSWRVLVZDVFRUUHFWO\SUHGLFWHGLQ09LQFRPELQDWLRQZLWKHLWKHU0(.RU
3,.LQKLELWLRQ
0HDQZKLOH(2/ZDVFRUUHFWO\SUHGLFWHGWRJDLQDSRSWRWLFV\QHUJLFHIIHFWZLWKWKH
3,0 DQG $.7 LQKLELWRU FRPELQDWLRQ DV ZHOO DV WKH 3,0 DQG 3,. LQKLELWRU
FRPELQDWLRQ6XUSULVLQJO\DQGWKHRQO\V\QHUJ\RIWKHFRPELQDWLRQVQRWSUHGLFWHG
E\ WKH PRGHO(2/ DOVR H[LELWHG D V\QHUJLF HIIHFWZLWK WKH $='DQG $&
FRPELQDWLRQ $& HIILFDF\ KDV SUHYLRXVO\ RQO\ EHHQ UHSRUWHG LQ )/7 GULYHQ
WXPRUV KRZHYHU WKHVH GDWD VXJJHVW HIILFDF\ IURP $& LQ 3'*)5$ PXWDWHG


WXPRUV SRWHWQLDOO\ WKURXJK LQKLELWLRQ RI 3'*)5$ GULYHQ $.73,. DQG 0$3.
VLJQDOLQJ
)LQDOO\LQWKH.*$PRGHOZKLFKKDUERUVDQDFWLYDWLQJ)*)5IXVLRQZHGLGQRW
VHH D FRRFFXUUHQFH RI KLJK DSRSWRVLV DQG KLJK JURZWK LQKLELWLRQ IRU DQ\ RI WKH
FRPELQDWLRQWUHDWPHQWVYDOLGDWHGDVZHOOE\WKHin-vitroDVVD\V2XUPRGHOVXJJHVWV
WKDWWKHSHUVLVWDQWLQVHQVLWLYLW\RI.*$PD\EHGHULYHGE\WKHKLJKOHYHOVRIF0\F
ZKLFKLVQRWGLUHFWO\WDUJHWHGE\DQ\RIWKHFRPELQDWLRQV
([HFXWDEOH 41 PRGHO LGHQWLI\ DOWHUQDWLYH VXVFHSWLELOLWLHV LQ $=' UHVLVWDQW
FHOOV
)RXUVHSDUDWHSRSXODWLRQVRI02/0FHOOVZHUHPDGHUHVLVWDQWWR3,0LQKLELWLRQE\
JURZWKLQWKHSUHVHQFHRILQFUHDVLQJGRVHVRIWKHFRPSRXQGRYHUDIRXUPRQWKSHULRG
XQWLOUHVXOWLQJFHOOSRSXODWLRQVZHUHDEOHWRPDLQWDLQJURZWKDWX0$=':KLOH
WKHSDUHQWDO02/0FHOOKDVDQ0*,LQDGD\076SUROLIHUDWLRQDVVD\DOO
IRXUUHVLVWDQWSRSXODWLRQVKDG*,VJUHDWHUWKDQX0WR$='RYHUWKHVDPH
GD\JURZWKSHULRG)LJ6$ 533$PHDVXUHPHQWVZHUHWDNHQIRUWKHSDUHQWDODQG
UHVLVWDQWFHOOOLQHV
:H SUHGLFWHG FDQGLGDWH JHQHWLF FDXVHV RI UHVLVWDQFH E\ LWHUDWLYHO\ SHUWXUELQJ DOO
LQGLYLGXDO DQG SDLUV RI QRGHV LQ WKH SDUHQWDO 02/0 PRGHO DQG FKRRVLQJ WKRVH
OHDGLQJ WR VLPLODU VLJQDOLQJ DFWLYLW\ DQG SKHQRW\SH DV REVHUYHG LQ WKH UHVLVWDQW
SRSXODWLRQVTXDQWLILHGE\ORZHU06()LJ6%6&7KLVUHVXOWHGLQIRXUGLIIHUHQW
UHVLVWDQWFRQWH[WVRQHIRUHDFKUHVLVWDQWFHOOSRSXODWLRQ)LJ$$OOFRQWH[WVVKRZ
RYHUDFWLYDWLRQ WKURXJK 5$63,. DV ZHOO DV $.70725 VLJQDOLQJ VXSSRUWHG E\
533$)LJ6%,QWHUHVWLQJO\WKHGLIIHUHQWUHVLVWDQFHFRQWH[WVGLIIHULQWKHLUVWUHQJWK
RIDOWHUHGVLJQDOLQJZKHUHUHVLVWDQWFHOOSRSXODWLRQ5KDVDKLJKHUDFWLYLW\IRUERWK


SDWKZD\V DQG UHVLVWDQW FHOO SRSXODWLRQ5 KDV ORZHU DFWLYLW\ IRU WKH $.7 SDWKZD\
7KH SUHGLFWHG DQGREVHUYHGSDWKZD\ VLJQDOLQJ VXJJHVWV LQFUHDVHG VLJQDOLQJ DFWLYLW\
WKURXJK (%3 (,)% 6 DQG %$' FRQWULEXWLQJ WR UHVLVWDQFH ,Q SDUWLFXODU LW
KLJKOLJKWV$.76SDWKZD\DVDPDMRUFDXVHIRUWKHGHFUHDVHGDSRSWRVLVFRPSDUHGWR
02/0SDUHQWDOZKHQWUHDWHGZLWK$='
:KROHH[RPH'1$VHTZDVSHUIRUPHG WR LGHQWLI\SRWHQWLDOSURWHLQDOWHULQJJHQHWLF
YDULDQWV WKDW FRXOG EH GULYLQJ WKH $=' UHVLVWDQFH $OO YDULDQW FDOOV ZLWK
VLJQLILFDQW GLIIHUHQFHV IURP WKH SDUHQWDO OLQH 7DEOH 6 ZHUH IXUWKHU SDUVHG WR
KLJKOLJKWJHQHVHQFRGLQJSURWHLQVWKDWKDYH%,2*5,'LQWHUDFWLRQV7DEOH6WRWKH
5$63,.DQGRUWKH$.70725VLJQDOLQJSDWKZD\V)LJ%
8VLQJ WKH IRXUUHVLVWDQW02/0FRQWH[WPRGHOVZHSUHGLFWHGSRVVLEOH WUHDWPHQWV
WR RYHUFRPH UHVLVWDQFH E\ VLPXODWLQJ LQKLELWLRQ DW HDFK SRLQW WKURXJK V\VWHPDWLF
DGGLWLRQ RI DQ LQKLELWRU QRGH WR WKH QHWZRUN ,Q OLQH ZLWK VLJQDOOLQJ FKDQJHV
LQWURGXFWLRQRIDQ$.7LQKLELWRU$='WRWKHUHVLVWDQWSRSXODWLRQVZDVSUHGLFWHG
WRRYHUFRPHWKH$='UHVLVWDQFHE\EORFNLQJWKHDEQRUPDO35$6(%3DQG
6 DFWLYLW\ )LJ ' 7R WHVW WKLV SUHGLFWLRQ SDUHQWDO 02/0 DQG $='
UHVLVWDQW SRSXODWLRQVZHUH WUHDWHG ZLWK DQGZLWKRXWX0$=' IRUKRXU7KH
UHVLVWDQW SRSXODWLRQV UHVSRQGHG WR $.7 LQKLELWLRQ ZLWK $=' E\ GHFUHDVHG
S6 6 ULERVRPDO SURWHLQ DQG S7 35$6 )LJ ' SURYLGLQJ VWURQJ
HYLGHQFH IRU LQKLELWLRQ RI $.70725 VLJQDOLQJ 7KH GHFUHDVH LQ $.70725
VLJQDOLQJ ZDV DFFRPSDQLHG ZLWK DQ LQFUHDVH LQ FOHDYHG3$53 LQGLFDWLQJ LQFUHDVHG
DSRSWRVLV DQG KLJKOLJKWLQJ WKH GHSHQGHQF\ RQ WKLV VLJQDOLQJ SDWKZD\ GXULQJ
$='UHVLVWDQFHLQ02/0FHOOV
 


$OWHUQDWLYHTXDOLWDWLYHPRGHOLQJWHFKQLTXHV
4XDOLWDWLYH PRGHOV SURYLGH FRDUVHJUDLQHG GHVFULSWLRQV XVHIXO IRU V\VWHPV ZKRVH
PHFKDQLVWLF XQGHUSLQQLQJV UHPDLQ LQFRPSOHWH 7KH UDQJH RI TXDOLWDWLYH PRGHOLQJ
DSSURDFKHV SURYLGH WZR PDMRU W\SHV RI VLPSOLILFDWLRQV %RROHDQ PRGHOV UHOD[ WKH
DFWLYLW\ RI ELRORJLFDO HQWLWLHV WR ELQDU\ 21 RU 2)) DOWHUQDWLYHO\ WKH UHODWLRQ RI
HQWLWLHVPD\EHUHOD[HGWRVLPSOHORJLFRSHUDWRUV$1'25127:HH[SORUHGWKH
XVHRIDOWHUQDWLYHDSSURDFKHVDQGUREXVWQHVVRIILQGLQJVE\EXLOGLQJD%RROHDQPRGHO
DQG DQ $1'25 PRGHO YLD WKH VDPH SLSHOLQH )RU VLQJOH DJHQW 3,0LQKLELWRU
WUHDWPHQW WKH %RROHDQ PRGHO ZDV DEOH WR UHDVRQDEO\ SUHGLFW WKH SUROLIHUDWLRQ DQG
DSRSWRWLFUHVSRQVHVLQ02/0DQG.*DSDUWLDOO\SUHGLFWHGSUROLIHUDWLRQUHVSRQVH
LQ(2/EXWSRRUO\SUHGLFWHGUHVSRQVHV LQ09)LJ6 7KH09FHOO OLQH
ZDV FRUUHFWO\ SUHGLFWHG WR UHVSRQVH ZHOO WR )/7 LQKLELWLRQ  7KH PRGHO ZDV QRW
KRZHYHUDEOHWRSUHGLFWWUHDWPHQWFRPELQDWLRQV\QHUJLHV)LJ66LQFHWKH%RROHDQ
PRGHOLVVLPSOHUDQGHDVLHUWRFRQVWUXFWWKDQDTXDOLWDWLYHPRGHOLWRIIHUVDXVHIXOWRRO
IRULQYHVWLJDWLQJVLQJOHDJHQWWUHDWPHQWLQODUJHUQHWZRUNV
7KH$1'25JDWHGPRGHOUHFDSWXUHGPRVWRI WKHUHVSRQVHVWRVLQJOHWUHDWPHQWVDV
ZHOODVV\QHUJLVWLFFRPELQDWLRQVUHYDOLGDWLQJWKHSUHGLFWLRQVPDGHE\RXUPRGHO)LJ
67KHV\QHUJLVWLFUHVSRQVHRI.*DWR WKHFRPELQDWLRQRI$='DQG$&
ZDVWKHRQO\UHVSRQVHQRWUHFDSWXUHG7KLVSKHQRW\SHLVOLNHO\GHULYHGE\6DGGLWLYH
DFWLYLW\ IURP WKH0$3.SDWKZD\DQG$.7P725&ZKLFKFDQQRWEHDFFXUDWHO\
GHVFULEHG XVLQJ $1'25 JDWHV $1'25 PRGHOV PD\ EH JHQHUDWHG E\ DXWRPDWHG
WRROV >@ DQGFDQ VHUYHZHOO DV DQ LQLWLDO PRGHO VFDIIROG +RZHYHU PRUH FRPSOH[
UHODWLRQVKLSVVXFKDVWKRVHLQRXUPRGHOEHWZHHQ%$'6(%376&DQG(,)%
LQ$0/QHHGWREHIXUWKHUUHILQHG
 


'LVFXVVLRQ
7KH VXFFHVVRISHUVRQDOL]LQJ WUHDWPHQWV IRU$0/SDWLHQWVE\ WDLORULQJ WR UHVSHFWLYH
JHQHWLF DOWHUDWLRQV WKDW FKDUDFWHUL]H FDQFHU VXEW\SHV KDV VR IDU EHHQ OLPLWHG
0RUHRYHUGUXJUHVSRQVHVVHHQLQJHQHWLFDOO\PDWFKHGSDWLHQWVRUUHSUHVHQWDWLYHFHOO
OLQHV VKRZ FRQVLGHUDEOH GLYHUVLW\ >@ %\ LQWHJUDWLQJ ERWK JHQRPLF DQG EDVHOLQH
SURWHRPLF GDWD IURP $0/ FHOO OLQHV ZLWK NQRZQ WXPRUGULYLQJ JHQHWLF HYHQWV ZH
JHQHUDWHG DQ $0/ QHWZRUN PRGHO FDSWXULQJ FHOOFRQWH[WVSHFLILF VLJQDOLQJ LQ WKH
3,0 NLQDVH SDWKZD\ :H GHYHORSHG D ZRUNIORZ PHWKRGRORJ\ IRU FRQVWUXFWLQJ D
QHWZRUN PRGHO ZLWK FHOOVSHFLILF FRQWH[W VZLWFKHV ZKLFK IRFXVHV RQ LWHUDWLYH
UHILQHPHQW RI WKH WDUJHW IXQFWLRQ WR UHIOHFW OLWHUDWXUH DQG H[SHULPHQWDO HYLGHQFHV
8VHUV PD\ DOVR FRQVLGHU DSSO\LQJ DXWRPDWHG WRROV WR GHFLSKHU WKH WDUJHW IXQFWLRQV
VXFK DV &HOO12SWF)/ WRRO GHYHORSHG E\ 0RUULV HW DO >@ DQG IROORZ E\ PDQXDO
UHILQHPHQWRIWKHWDUJHWIXQFWLRQV
7KH UHVXOWLQJ FHOOVSHFLILF PRGHO FDSWXUHV FHOO VSHFLILF VLJQDOLQJ DQG UHVSRQVH WR
FDQFHU WKHUDSHXWLFVDQGSURYLGHYLUWXDOFHOO OLQHPRGHOV LQZKLFK WR WHVWK\SRWKHVHV
IRU WDLORUHG WKHUDS\ in silico 7KH FHOOVSHFLILF PRGHO VLJQLILFDQWO\ UHGXFHG WKH
SUHGLFWLRQHUURUIRUERWKWKHEDVHOLQHWUDLQLQJGDWDDQGRQWUHDWPHQWFKDQJHVLQSURWHLQ
H[SUHVVLRQ FRPSDUHG WR WKH JHQHUDOL]HG PRGHO 7KLV LV XQVXUSULVLQJ VLQFH D
JHQHUDOL]HG $0/ PRGHO LQVXIILFLHQWO\ H[SODLQV WKH KHWHURJHQHLW\ LQ WKH PXWDWLRQDO
ODQGVFDSH DQG SURWHLQVLJQDOLQJ G\QDPLFV UHSRUWHG DFURVV GLIIHUHQW FHOO OLQHV IRU
H[DPSOHDODFNRIVLJQDOLQJWKURXJK$.7XQLTXHWRFHOOVZLWKPXWDWLRQVLQ7<.
7KHFHOOVSHFLILFPRGHODFFXUDWHO\DQGGLUHFWO\UHFDSLWXODWHGSXEOLVKHGH[SHULPHQWDO
UHVXOWVIRUUHSRUWHGFKDQJHVLQH[SUHVVLRQLQDOOFDVHVDQGRXWRIUHVSRQVHVLQ
FHOOEHKDYLRU7KHVHUHVXOWVDUHSDUWLFXODUO\UHPDUNDEOHZKHQFRQVLGHULQJWKHSRWHQWLDO


YDULDELOLW\ LQ VLJQDOLQJ DQG SKHQRW\SLF RXWSXW RYHU WLPH DQG WKH IRFXV RI WKHVH
PRGHOVRQWKHFHOOVVWHDG\VWDWHUHIOHFWHGE\PRGHOVWDELOLW\
:H SURJUHVVHG WR H[SHULPHQWDOO\ YDOLGDWH SUHGLFWLRQV PDGH ZLWK WKH FHOOVSHFLILF
PRGHO7KH09FRQWH[WPRGHOFDSWXUHGWKHVLJQDOLQJLPSDFWRIWKH)/7,7'WR
FRUUHFWO\SUHGLFWLQGXFWLRQRIDSRSWRVLVDIWHUWUHDWPHQWZLWK3,0DQG3,.LQKLELWRUV
DQG QR HIIHFWZLWK 3,. LQKLELWRU DORQH >@ )RU WKH FHOO OLQH.*$ZH LGHQWLILHG
FRQWULEXWLRQ RI KLJK F0\F DFWLYLW\ WR FHOO SUROLIHUDWLRQ DQG FRUUHFWO\ SUHGLFWHG
LQVHQVLWLYLW\ WR LQKLELWLRQRI WDUJHWV WKRXJKW WREHHOHYDWHGE\ WKH)*)5IXVLRQ>@
LQFOXGLQJ $.7 3'. DQG )/7 7KH (2/ FRQWH[W PRGHO LGHQWLILHG SUHYLRXVO\
XQUHSRUWHG FRPELQDWLRQ V\QHUJ\ EHWZHHQ 3,0 DQG 3,.&$ LQKLELWRUV YDOLGDWHG
WKURXJK LQFUHDVHG WXPRU JURZWK LQKLELWLRQ 7KLV FRXOG OHDG WR SDWLHQWV WUHDWHG ZLWK
ORZHUGRVHVRI WKH LQKLELWRUV LI WKH VDPHHIILFDF\ LV DFKLHYHGE\ FRPELQDWLRQV DQG
WKHUHE\UHGXFLQJWKHULVNRIWR[LFLW\
0RGHOGLVFUHSDQFLHVKLJKOLJKWSRWHQWLDOJDSVLQWKHFDSWXUHGQHWZRUNNQRZOHGJHDQG
K\SRWKHVHVWKDWZDUUDQWIXUWKHULQYHVWLJDWLRQ)RUH[DPSOHRXUPRGHOIDLOVWRFDSWXUH
%&5 DQG (5. RYHUH[SUHVVLRQ IROORZLQJ WUHDWPHQW LQ (2/ DQG .*D FHOO OLQHV
7KLV FDQQRW EH UHVROYHG WKURXJK VLPSOH RSWLPL]DWLRQ RI WKH FXUUHQW QHWZRUN
VXJJHVWLQJDSRWHQWLDOJDS LQRXUNQRZOHGJHRIKRZ WKH0$3.SDWKZD\ LQIOXHQFHV
WKHVHPHFKDQLVPV)LJ':HIRXQGWKDW6LHQGRQHVHWDO>@KDGDOVRSUHYLRXVO\
K\SRWKHVL]HG WKH FRH[LVWHQFH RI WUDQVGXFWLRQ VLJQDO HYHQW WULJJHULQJ WKH 0$3.
SDWKZD\LQGHSHQGHQWRIWKH)/7,7'HYHQWDQGFRXSOHGZLWKSRRUUHVSRQVHWR)/7
LQKLELWRU ,QYHVWLJDWLQJ WKLV GLVFUHSDQF\ PD\ VKHG QHZ OLJKW RQ WKH UHVLVWDQFH
PHFKDQLVPRIWKHVHSDWLHQWVWR)/7LQKLELWRUV
)XUWKHUPRUH XVLQJ WKH 02/0 FRQWH[W PRGHO ZH ZHUH DEOH WR V\VWHPDWLFDOO\
H[SORUHJHQHWLFFKDQJHV WKDWPD\UHQGHU WKHFHOO UHVLVWDQW WR3,0LQKLELWLRQ([RPH


VHTXHQFLQJDQGVXEVHTXHQWGUXJFRPELQDWLRQWUHDWPHQWRI02/0FHOOSRSXODWLRQV
ZLWK DFTXLUHG UHVLVWDQFH WR $=' FRQILUPHG RXU SUHGLFWHG PHFKDQLVWLF
GHSHQGHQF\ RQ $.7 VLJQDOLQJ DQG $.7 LQKLELWLRQ DV D VHFRQG OLQH WKHUDS\ WR
RYHUFRPHUHVLVWDQFH
%\DFFXUDWHO\SUHGLFWLQJGUXJUHVSRQVHVDQGFRPELQDWLRQV\QHUJLHVDQGSURYLGLQJWKH
PHFKDQLVWLF LQVLJKW RQ WKHSURWHLQVGULYLQJ WKH UHVSRQVHZHKLJKOLJKW WKHDELOLW\RI
VLPXODWHG PRGHOV DQG YLUWXDO H[SHULPHQWDWLRQ WR SULRULWL]H HIIHFWLYH WKHUDSLHV
DFFRPSDQLHG ZLWK DVVRFLDWHG SUHGLFWLYH DQG G\QDPLF ELRPDUNHUV 6XFFHVVIXO GUXJ
FRPELQDWLRQV FRXOG VLJQLILFDQWO\ DXJPHQW WKHUDS\ RSWLRQV IRU $0/ SDWLHQWV E\
RYHUFRPLQJ LQQDWH DQG DFTXLUHG UHVLVWDQFH WR GUXJV 6LPXODWHG TXDOLWDWLYH PRGHOV
SRWHQWLDOO\ RIIHU D YLUWXDO SODWIRUP WR VFUHHQ GLVFRYHU DQG SULRULWL]H GUXJ
FRPELQDWLRQV in silico IRFXVLQJ H[SHULPHQWDO DSSURDFKHV WR YDOLGDWLRQ
&RPSUHKHQVLYH JHQHWLF GLDJQRVLV XVLQJ WDUJHWHG H[RPH VHTXHQFLQJ LV DOUHDG\
HQWHULQJ WKH FOLQLF LQ PDMRU WHDFKLQJ KRVSLWDOV :KHQ FRXSOHG ZLWK HPHUJLQJ PDVV
F\WRPHWU\DQDO\VLV30,'DOOWKHELRORJLFDOLQIRUPDWLRQWREXLOGSDWLHQW
VSHFLILFTXDOLWDWLYHQHWZRUNVPRGHOVPD\VRRQEHDYDLODEOHIURPIURQWOLQHGLDJQRVWLFV
GDWD
7DNHQ WRJHWKHU WKH FRPSOH[LW\ RI VLJQDOLQJ SDWKZD\V DQG WKH ODUJH QXPEHU RI
UHVLVWDQFH PHFKDQLVPV PHDQ WKDW H[HFXWDEOH FHOOXODU PRGHOV ZKLFK DUH HDVLO\ DQG
TXLFNO\ LQWHUSUHWDEOH OLNH WKH RQHV ZH KDYH SUHVHQWHG KHUH DUH NH\ IRU SLQSRLQWLQJ
SRWHQWLDOFRPELQDWLRQWKHUDSLHVIRUGLIIHUHQWFDQFHUW\SHVDQGVXEW\SHV)XUWKHUPRUH
VFDOLQJWKHVHH[HFXWDEOHPRGHOVWRVLPXODWHSDWLHQWVSHFLILFFDQFHUVSDYHVWKHZD\IRU
LPSURYHGSHUVRQDOL]HGWUHDWPHQWVDQGHQKDQFHGSUHFLVLRQPHGLFLQHFKRLFHV
 


$FNQRZOHGJPHQWV
:HZRXOG OLNH WR WKDQN'HQQLV+XV]DUDQG.LUVWHQ0F(DFKHUQIRU WKHLUNQRZOHGJH
VXUURXQGLQJ WKH 3,0 VLJQDOLQJ QHWZRUN 0LND $KGHVPDNL IRU SHUIRUPDQFH RI WKH
'1$VHT DOLJQPHQW DQG YDULDQW FDOOLQJ DQG *UHJ 2¶&RQQRU IRU JHQHUDWLRQ RI WKH
$='UHVLVWDQW02/0FHOOV$FHQWUDO HOHPHQWRI WKLV VWXG\ UHOLHGRQVLQJOH
DJHQWV DQG FRPELQDWLRQ FHOO OLQH WUHDWPHQW LQ SDUWLFXODU ZH ZRXOG OLNH WR WKDQN
6XSLQJ:DQJDQG(ULFD.HDWRQIRU$='FRPELQDWLRQVFUHHQGDWD.HLWK'LOOPDQ
IRUVDPSOHSUHSDUDWLRQDQG:HVWHUQYDOLGDWLRQIRU)/7FRPELQDWLRQV	UHVLVWDQWFHOO
OLQHV DOO IURP $VWUD=HQHFD:H ZRXOG DOVR OLNH WR WKDQN %ORRGZLVH IRU VXSSRUWLQJ
%*DQG WKH ,VUDHOLPLQLVWU\RI VFLHQFH WHFKQRORJ\DQG VSDFHDQG(GPRQG -6DIUD
&HQWHUIRU%LRLQIRUPDWLFVDW7HO$YLY8QLYHUVLW\IRUVXSSRUWLQJ'6

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7DEOH  7DUJHW IXQFWLRQV IRU $0/ FHOO VSHFLILF FDOLEUDWHG $0/ PRGHO
7DUJHW IXQFWLRQV DUH DVVRFLDWHG WR WKH QRGHV DQG DLP WR FDSWXUH ELRORJLFDO
UHODWLRQVKLSV0$;IXQFWLRQFRUUHVSRQGVWRLQGHSHQGHQWDFWLYDWLRQE\XSVWUHDP
SURWHLQVZKLOH0,1FRUUHVSRQGVWRGHSHQGHQWDFWLYDWLRQVXFKWKDWWKHHIIHFWLV
JRYHUQHGE\WKHORZHUH[SUHVVLRQRIWKHWZRXSVWUHDPSURWHLQVFRUUHVSRQGVWR
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

)LJXUH  $0/ FHOO OLQHV VHQVLWLYH WR WKH 3,0 LQKLELWRU $=' KDYH GLYHUVH
JHQRW\SHV $ *, X0 ZDWHUIDOO SORW DQG PROHFXODU RQFRSULQW LOOXVWUDWLQJ WKH
GLYHUVHSKDUPDFRORJLFDOUHVSRQVHRI$0/FHOOVDIWHUKRXUV$='WUHDWPHQWDV
ZHOODV3,0H[SUHVVLRQDQG$0/GLVHDVHUHOHYDQWPXWDWLRQV%R[HGFHOOOLQHVQDPHV
LQGLFDWHUHVSRQGLQJFHOOOLQHVIXUWKHULQYHVWLJDWHG%3URWHLQH[SUHVVLRQPHDVXUHGE\
UHYHUVHSKDVH SURWHLQ DUUD\ 533$ LQ WUHDWHG DQG XQWUHDWHG FHOO OLQHV VKRZ
KHWHURJHQHLW\LQVLJQDOLQJUHVSRQVHVWKURXJKYDULRXVSDWKZD\V&09ZLWKDQ
DFWLYH )/7,7' VKRZV YDULHG UHVSRQVHV WR FRQFHQWUDWLRQV RI $=' DQGRU
$& IRU  KRXUV 7KH QXPEHU RI YLDEOH FHOOV ZDV GHWHUPLQHG E\ $ODPDU %OXH
PHDVXUHPHQWVZKHUHWKHYDOXHVUHSUHVHQWSHUFHQWJURZWKLQKLELWLRQ


)LJXUH6FKHPDWLFZRUNIORZRIFHOOVSHFLILFPRGHOFRQVWUXFWLRQLQ%0$0RWLIV
DQGLQWHUDFWLRQVFXUDWHGIURPWKHOLWHUDWXUHDUHXVHGWREXLOGD4XDOLWDWLYH1HWZRUNLQ
WKH%0$WRRO7KH PRGHOZDVFDOLEUDWHGZLWK WKH UHVXOWVRI533$H[SHULPHQWV IRU
WZR FHOO OLQHV ZLWK GLIIHUHQW $0/GULYLQJ PXWDWLRQV 7KH PRGHO LV GHVLJQHG WR
UHSUHVHQWWKHJHQHUDO$0/SDWKZD\VDQGSURYLGHDFHOOVSHFLILFFRQWH[WE\³WXUQLQJ
RQ³ D VSHFLILF VHW RI PXWDWLRQV 7KH PXWDWLRQV LPSDFW RXWJRLQJ LQWHUDFWLRQV WKXV
DFWLYDWLQJWKHSDWKZD\VLQDPXWDWLRQVSHFLILFPDQQHUUHVXOWLQJLQPXWDWLRQVSHFLILF
SKRVSKRU\ODWLRQ DFWLYLW\ WKURXJKRXW WKH SDWKZD\V OHDGLQJ WR VSHFLILF FHOOXODU
EHKDYLRU 7KH PRGHO LV LWHUDWLYHO\ UHILQHG E\ WHVWLQJ DQG FRPSDULQJ WR WKH FHOO
EHKDYLRUPHDVXUHGDVDUHVSRQVHWRGLIIHUHQWSHUWXUEDWLRQVIRUWKHWZRFHOOOLQHV7KH
PRGHO UREXVWQHVV ZDV WHVWHG DJDLQVW SHUWXUEDWLRQV IURP WKH OLWHUDWXUH SHUIRUPHG RQ
WKH H[SORUHG PXWDWLRQV DQG XQVHHQ FHOO OLQHV LQFRUSRUDWHG DXWRPDWLFDOO\ LQWR WKH
PRGHO7KHPRGHOLVWKHQXVHGIRUin-silicoH[SHULPHQWDWLRQLQRUGHUWRWHVWQRYHOGUXJ
FRPELQDWLRQV LQIHU WKH VRXUFH DQGPHFKDQLVP IRUGUXJ UHVLVWDQFH DQGSUHGLFWGUXJ
UHVSRQVHLQUHVLVWDQWFHOOOLQHVDQGVXJJHVWWUHDWPHQWIRUUHVLVWDQFH


)LJXUH*HQHUDWLRQRIDSUHGLFWLYHFHOOEHKDYLRUPRGHO IRU$0/WUDLQLQJFHOO
OLQHV02/0DQG09DQGXQVHHQFHOOOLQHV(2/DQG.*$$&HOO
6SHFLILF$0/UHJXODWRU\QHWZRUNPRGHOLQFRUSRUDWLQJNQRZOHGJHIURPWKHOLWHUDWXUH
DQGFDOLEUDWHGWRSKRVSKRU\ODWLRQDFWLYLW\PHDVXUHGE\533$3HUWXUEDWLRQVGULYLQJ
PXWDWLRQV DQG LQWHUQDO JHQHV DUH GHSLFWHG LQ JUH\ JUHHQ DQG UHG UHVSHFWLYHO\ 7R
VLPXODWHVSHFLILFFHOO02/009(2/RU.*$WKHQRGHIRUWKHSURWHLQ
ZLWKGULYHUPXWDWLRQV7<.)/7,7'3'*)5$RU)*)5UHVSHFWLYHO\LVVHWWR
ZKLOHDOORWKHUSURWHLQVZLWKPXWDWLRQVDUHVHWWR%3URWHLQVLJQDOLQJDFWLYLW\
SKRVSKRU\ODWLRQ OHYHOV LQIHUUHG in-silico XVLQJ WKH FHOOVSHFLILF FRQWH[WV ODSWRS
LFRQ DQG WKH JHQHUDOL]HG PRGHO SDSHUV LFRQ FDSWXULQJ OHYHOV RI SKRVSKRU\ODWLRQ
DFWLYLW\ DV PHDVXUHG in-vitro SHWULGLVK & &HOO DSRSWRVLV DQG SUROLIHUDWLRQ DV
LQIHUUHG in-silico E\ WKH H[HFXWDEOH PRGHO FRPSDUHG WR OHYHOV DV REVHUYHG in-vitro
ZLWK WKH JHQHUDOL]HG PRGHO FDSWXULQJ SDUWLDO DEQRUPDO FHOO EHKDYLRU DQG WKH FHOO
VSHFLILF FRQWH[W PRGHO UHFDSLWXODWLQJ PHDVXUHG OHYHOV ' 8QVHHQ FHOO OLQHV (2/
DQG.*$DUH LQFRUSRUDWHG WR WKHH[HFXWDEOHQHWZRUNPRGHO7KHUREXVWQHVVRI WKH
PRGHO LV WHVWHG YLD WKH DELOLW\ RI WKH PRGHO WR FDSWXUH WKH SKRVSKRU\ODWLRQ DFWLYLW\
XQVHHQDWWKHWLPHRIPRGHOFRQVWUXFWLRQDQG(&HOOEHKDYLRUDVDUHVXOWRIGLIIHUHQW
SHUWXUEDWLRQV


)LJXUH9DOLGDWLRQRISUHGLFWHGV\QHUJLVWLFFRPELQDWLRQVRIGUXJVUHYHDOVQHZ
HIIHFWLYH WUHDWPHQW VWUDWHJLHV $ &HOO6SHFLILF $0/ PRGHO LV XVHG WR WHVW
FRPELQDWLRQVRIGUXJVDQGSUHGLFWFHOOEHKDYLRULQDFHOOVSHFLILFPDQQHU$GUXJRUD
FRPELQDWLRQRIGUXJVLVVLPXODWHGE\SDUWLDOO\RUIXOO\QXOOLI\LQJWKHWDUJHWIXQFWLRQV
RIWKHLUWDUJHWVDQGFDQEHGRQHDXWRPDWLFDOO\DQGHIILFLHQWO\ZLWKDODUJHQXPEHURI
FDQGLGDWHV%3UHGLFWHGFHOOEHKDYLRURIDSRSWRVLVDQGSUROLIHUDWLRQVLVYDOLGDWHGYLD
JURZWKLQKLELWLRQRI$0/FHOOOLQHVFXOWXUHGZLWKWKHLQGLFDWHGFRQFHQWUDWLRQUDQJHV
RI $=' DQGRU WHVWHG FRPELQHG LQKLELWRU DIWHU  KRXUV 3UHGLFWHG V\QHUJLF
HIIHFWDVVHHQIRU(2/FHOOOLQHZLWK3,0DQG$.7DQG3,0DQG3,.LQKLELWRUVLV
XVHGWRSULRULWL]HFRPELQDWLRQV


)LJXUH  2ULJLQ RI UHVLVWDQFH WR $=' LQ 02/0 LV FRPSXWDWLRQDOO\
LQIHUUHGDQGYDOLGDWHGYLDZKROHH[RPH'1$VHTUHYHDOLQJVLJQDOLQJPHFKDQLVP
YDOLGDWHG YLD ZHVWHUQ EORWV DQG RIIHUV FRPELQDWLRQ WR FRPEDW UHVLVWDQFH ZKLFK
VXFFHVVIXOO\ LQGXFHV DSRSWRVLV $ 1HWZRUN PRGHO RI 02/0 UHVLVWDQW FHOO
SRSXODWLRQV 5 3HUWXUEDWLRQV OLJKWQLQJ EROWV ZHUH DXWRPDWLFDOO\ SUHGLFWHG DW
VSHFLILF QRGHV WR VLPXODWH SRVVLEOH UHVLVWDQFH PHFKDQLVPV WKDW ZRXOG DWWHQXDWH
VLJQDOLQJGRZQDVSHFLILFSDWKZD\VKDGHGUHGDQGEOXH%:KROHH[RPH'1$VHT
ZDV SHUIRUPHG RQ WKH X0 $=' UHVLVWDQW SRRO SRSXODWLRQ WR LGHQWLI\ SURWHLQ
DOWHULQJ YDULDQWV IURP YDULDQW FDOOLQJ DV VLJQLILFDQWO\ GLIIHUHQW IURP WKH SDUHQWDO
02/0FHOOOLQH*HQHVZKRVHSURWHLQVDUHLQYROYHGZLWKHSLJHQHWLFPDFKLQHU\DUH
XQGHUOLQHG ZLWK GDVKHV & ,QIHUUHG VLJQDOLQJ DFWLYLW\ IURP WKH SDUHQWDO 02/0
H[HFXWDEOHPRGHOLVFRPSDUHGWRDFWLYLW\IURPZHVWHUQEORWVIRUSDUHQWDODQGUHVLVWDQW
FHOOSRSXODWLRQV'3UHGLFWLRQVRIVLJQDOLQJDFWLYLW\DQGFHOODSRSWRVLVIRU$='
WUHDWHG DORQH DQG LQ FRPELQDWLRQ ZLWK $.7 LQKLELWRU $=' LV FRPSDUHG WR
DFWLYLW\ IURP ZHVWHUQ EORWV 3UHGLFWLRQ RI LQGXFHG DSRSWRVLV LV VXSSRUWHG E\ WKH
LQFUHDVHLQ3$53&OHDYHGZLWK$='
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